Abstract -The Poplar Mountain gold occurrence in western New Brunswick is hosted in the Poplar Mountain volcanic complex (PMVC), which is located along the southern segment of the regional Woodstock fault zone. The PMVC consists of three principal units including, in ascending order, a porphyritic felsic volcanic unit, a volcaniclastic unit, and a mafic volcanic unit. U-Pb dating of zircon indicates that the age of the volcanic rocks is younger than 459 ± 3 Ma, and 40 Ar/ 39 Ar dating of mineralization-associated sericite indicates that the age of mineralization is 411 ± 3.7 Ma. Gold-mineralized zones occur in all the lithologic units but mainly in the porphyritic felsic volcanic unit. Gold zones are not controlled by individual faults but are characterized by high-density brittle fracturing, thin carbonate-quartz veining, and intensive ankerite-sericite alteration, superimposed on an earlier chlorite-calcite-quartz alteration. Gold is associated with arsenopyrite, which mostly occurs as disseminations in the host rocks, and to a lesser extent with quartz-carbonate-sericite veins and quartz-cemented breccias.
Introduction
The Poplar Mountain gold occurrence, located in western New Brunswick (Fig. 1) , is one of the most important gold discoveries in New Brunswick in recent years (McLeod et al., 2008) . The mineralization is hosted in a volcanic complex known as the Poplar Mountain volcanic complex (PMVC), which is close to the Woodstock fault, a major regional structure, and is 8 km from the surface contact of the Pokiok batholith (Fig. 1) . The host rocks and location with respect to structures and intrusions have led to three different hypotheses regarding the origin of the mineralization. First, because the mineralization is mainly hosted in porphyritic volcanic or subvolcanic rocks, it has been classified as porphyry type (McLeod and McCutcheon, 2000) , or a type lying between the outer zone of a porphyry system and an epithermal system . Second, Freewest Resources Canada Inc. (unpub. report, 1999) emphasized features indicating a shallow crustal environment and the structural control associated with the Woodstock fault. The spatial association of regional gold mineralization with the Woodstock fault has been noted previously (Ruitenberg et al., 1990) . A third possibility is that the mineralization at Poplar Mountain is related to unexposed granitic intrusions. This hypothesis warrants examination considering the proximity of Poplar Mountain to the Pokiok batholith, and the overall similarities between some gold occurrences in the region and intrusion-related gold systems (Lang et al., 2000; Lang and Baker, 2001) or gold deposits related to reduced granitic intrusions (Thompson 
The Poplar Mountain Volcanic Complex
The volcanic rocks hosting the gold mineralization at Poplar Mountain are part of the Poplar Mountain volcanic complex (PMVC). The PMVC has an ellipsoidal shape of about 4.5 km long and 1.5 km wide, and is located along the Woodstock fault ( Fig. 1) at the southwest end of the Miramichi terrane. The sedimentary rocks of the Belle Lake Formation and the Matapedia basin lie to the east and west of the PMVC respectively, whereas volcanic rocks of the Meductic Group lie to the northeast, and sedimentary and volcanic rocks of the Canterbury basin are situated further to the east (Fig. 1) . The age of the PMVC is problematic because no direct contacts with these other strata have been exposed .
Lithological Units
The PMVC can be divided into three principal units comprising porphyritic felsic volcanic rocks, volcaniclastic rocks, and mafic volcanic rocks, respectively Fig. 2) . The characteristics of these units are posed of interbedded quartz wacke and shale of the Baskahegan Lake Formation, and silty mudstone and shale in the overlying Bright Eye Brook Formation. The Meductic Group (Early Ordovician to Middle Ordovician) is divided into four formations, which in ascending order are: Porten Road Formation, Eel River Formation, Oak Mountain Formation, and Belle Lake Formation. The first three formations contain felsic, intermediate, and mafic volcanic rocks, respectively, whereas the Belle Lake Formation consists of feldspathic wacke and shale.
The Matapedia basin consists of the Carys Mills Formation (Late Ordovician to Early Silurian) and the overlying Smyrna Mills Formation (Early to Late Silurian; Bourque et al., 1995) . Abundant volcanic and volcaniclastic rocks occur in the Ellen Wood Ridge Formation in Maine, which might be correlated with the upper part of the Smyrna Mills Formation (Hopeck, 2001) .
The Canterbury basin is composed of the Perham Group (Late Silurian) and the overlying Tobique Group (Early Devonian). The Perham Group contains marine clastic rocks and minor carbonate rocks, whereas the Tobique Group consists of shallow marine clastic and volcanic rocks (Rast et al., 1980) .
The strata of the Miramichi terrane were subject to deformation beginning in Middle to Late Ordovician, whereas the strata of the Matapedia and Canterbury basins were deformed during the Mid-Devonian Acadian orogeny. The strata of the Miramichi terrane and the Late Silurian strata of the Fredericton basin located further to the southeast were intruded by the Pokiok batholith ( Fig. 1) , isotopic ages for which range from 402 to 415 Ma (Bevier and Whalen, 1990) .
In addition to Poplar Mountain, there are several gold occurrences in western New Brunswick. A few of these lie to the northeast along the Woodstock fault (outside Fig. 1 ), e.g., the quartz-carbonate veins at Britton mine and Bull Creek (Ruitenberg et al., 1990) . The Connell Mountain porphyry Cu-Au deposit occurs within the Miramichi terrane, to the northeast of the map area of Fig. 1 (Ruitenberg et al., 1990) . Gold mineralization has been noted (M. McLeod, pers. commun., 2003) at the Gravel Hill base metal sulfide deposit, which is developed in a Lower Devonian felsic volcanic dome complex of the Tobique Group (Ruitenberg, 1994 ) about 50 km northeast of Poplar Mountain. A gold-arsenopyrite breccia occurrence is located near the northwestern margin of the Pokiok batholith (D. Lentz, pers. commun., 2003) , whereas the Lake George W-MoSb-Au deposit, formerly the most important Sb producer in North America, lies to the southeast of the batholith (Yang et al., 2002) .
Analytical Methods
In addition to field investigation and conventional microscopic petrographic examination, this study includes major and trace element analysis, U-Pb and 40 Ar/ 39 Ar isotopic dating, fluid inclusion analysis, and C and O isotopic analysis of carbonates. The major elements and a few trace elements were analyzed by ICP-AES at Institut National and buff (because of sericite-ankerite-quartz alteration) colors.
The Volcaniclastic Unit: This unit consists of both heterolithic and monolithic volcanic breccias plus ash tuffs and/or flows. The majority of exposures are of monolithic breccias; the rare outcrops of heterolithic breccias consist of variably sized volcaniclastic fragments ranging in composition from intermediate to felsic. The shape of the fragments varies from rounded to angular (Fig. 3C) , and their size varies from a few millimeters to tens of centimeters. Adjacent fragments might have jigsaw fit, indicating in situ brecciation. Locally these breccias have a mottled gray and black appearance (Fig. 3C ), apparently because of finely disseminated pyrobitumen in the black matrix. The volcaniclastic rocks mainly comprise crystals in an ash matrix. Glass shards and spherulitic textures are well preserved locally. The original glassy matrix has devitrified and has altered to chlorite locally. The devitrified groundmass is generally an order of magnitude finer grained than in the porphyritic felsic volcanic rock. Bedding, indicated by flattening of glassy lapilli and by change of abundance of crystals and color, is observed in a few places. Crystals and crystal fragments generally make up more than 30% of the rock (Fig. 3D ). The most abundant crystals and crystal fragments are plagioclase and K-feldspar. Quartz crystals described below.
The Porphyritic Felsic Volcanic Unit:
This unit consists of massive, porphyritic rocks with locally developed zones of brecciation that contain fragments of porphyritic felsic rocks in a matrix of the same rock type. The massive porphyritic rocks consist of 5% to 30% phenocrysts (typically 0.2-2 mm in long dimension) and 70% to 95% groundmass (≤0.2 mm). The most common phenocrysts are of plagioclase and K-feldspar that are variably altered to sericite ± carbonate; quartz phenocrysts are rare. Patches of leucoxene and associated arsenopyrite and pyrite (replacing phenocrysts of ilmenite?) are common. Pseudomorphs of hornblende and pyroxene replaced by chlorite were observed in some samples. The phenocrysts are generally euhedral to subhedral, and might form glomerocrysts (Fig. 3A) , which is indicative of a volcanic or subvolcanic origin rather than volcaniclastic. The groundmass generally exhibits a micropoikilitic texture suggestive of an earlier spherulitic texture or devitrification. Some centimeter-long, millimeter-spaced, pervasive and parallel wavy lines defined by green illite filling microfractures were locally observed, which might reflect a flow texture (Fig. 3B ). Most of this unit has been altered to variable degrees. The least-altered rock has a light gray color, whereas the more altered rocks show green (because of chlorite-calcite-quartz alteration) are minor and are commonly embayed. Pseudomorphs of hornblende and pyroxene (completely replaced by chlorite) were observed.
The Mafic Volcanic Unit: This unit consists of dark green-gray, massive, homogeneous basalt and an intercalated subunit composed of centimetersized, elongated fragments of volcaniclastic rocks and chert. Two mafic volcanic rock types might be distinguished based on textures. One consists of a fine-grained (0.2-0.3 mm) assemblage of pyroxene, plagioclase, chlorite, titanite, and minor quartz (Fig.  3E) , with minor 3 to 4 mm phenocrysts of plagioclase. The other mafic unit is composed of 10% to 15% 1-mmsized spherules and 85% to 90% very fine grained (0.01-0.02 mm) groundmass (Fig. 3F ). Both the spherules and groundmass are composed of pyroxene, indistinct feldspars and quartz (?), titanite, and patches of chlorite. Amygdules filled by calcite and parallel planes containing millimeter-sized, lensoid, blackish spots composed of glass altered to chlorite are common features of this second type.
Relationship Between the Volcanic
Units: Fragments of porphyritic felsic Fig. 3 . A. Felsic volcanic unit: photomicrograph of porphyritic texture with glomerocrysts of plagioclase plus hornblende and pyroxene pseudomorphs (replaced by chlorite); sample 01SW34 (plane-polarized light). B. Felsic volcanic unit: parallel wavy lines (filled with green illite) probably reflecting flow textures; sample 01SW31 (scanned thin section). C. Volcaniclastic unit: in situ breccia and mottled texture; outcrop near Trench #1. D. Volcaniclastic unit: photomicrograph of crystal tuff with abundant crystals and crystal fragments of feldspars and minor quartz; sample GC01-55 (cross-polarized light). E. Mafic volcanic unit: photomicrograph of basalt composed of fine-grained, tabular plagioclase, pyroxene, minor quartz, and glass (altered to chlorite); sample GC01-138 (plane-polarized light). F. Mafic volcanic unit: photomicrograph of basalt with spherulitic texture; sample GC01-135 (plane-polarized light). Abbreviations: cal = calcite, chl = chlorite, fds = feldspar, ill = illite, pl = plagioclase, px = pyroxene, qtz = quartz.
volcanic rocks have been found locally in the volcaniclastic unit. Therefore the felsic volcanic unit appears to, at least in part, predate the volcaniclastic unit. Two observations indicate that the mafic volcanic unit postdates the other two units: a mafic dike cuts the felsic volcanic unit, and a bed of sedimentary rocks that is intercalated with the mafic volcanic unit contains fragments similar to the volcaniclastic unit .
The porphyritic felsic volcanic unit is located in the center of the volcanic complex, and is surrounded by the volcaniclastic unit, whereas the mafic volcanic unit occurs only on the west side of the complex (Fig. 2) . The rhyolite. The least-altered felsic volcanic rocks mainly fall in the field of rhyolite, and near the rhyolite/dacite boundary. In contrast, most of the altered felsic volcanic rocks fall in the field of dacite.
Because silica and alkali are sensitive to alteration, even the least-altered samples can only provide an approximation of the rock types using the above classification scheme. An alternative method for rock classification in altered rocks is the immobile element diagram of Winchester and Floyd (1977; Fig. 4B) . On this diagram, altered and least-altered felsic volcanic rocks are indistinguishable, both clustering in the rhyodacite-dacite field, near the boundary with andesite. The volcaniclastic rocks straddle the boundary between the rhyodacite-dacite and andesite fields, whereas the mafic rocks plot in the alkali and subalkaline basalt fields. Fyffe (2001) . The data for the Devonian volcanic rocks from the Canterbury basin were obtained in this study, including two samples of mafic volcanic rocks of the Dorrington Hill Formation, and one sample of felsic rock of the Dow Porphyry (Table 1) .
Petrochemical Comparison with Other Volcanic Rocks in the Region
In Figure 5 , chondrite-normalized rare earth element porphyritic felsic volcanic unit has been interpreted to be a subvolcanic intrusion based on its overall massive and coherent appearance and porphyritic texture, and has been referred to as "porphyritic dacite" (Watters, 1998; Chi and Watters, 2002; Watters and Chi, 2002) . The spatial relationship of the porphyritic felsic volcanic rocks and volcaniclastic rocks is consistent with a volcanic dome, with the porphyritic rocks representing a volcanic plug or a lava dome in an apron of volcaniclastic rocks. Alternatively, the distribution of the lithologic units might reflect a southplunging anticline (Fig. 2) . This latter hypothesis is difficult to verify because the volcaniclastic and mafic volcanic units are poorly exposed, and bedding is rarely observed.
Petrochemical Composition
Major and trace element analyses of volcanic and volcaniclastic rocks from the field area are listed in Table 1 . Samples can be divided into least-altered and altered based on petrographic features and chemical composition. The least-altered samples are characterized by relatively low concentrations of carbon, whereas the altered samples show high concentrations of carbon and sulfur (from carbonates and sulfides; see Table 1 ).
Compositional Classification: The values of major elements shown in Table 1 are normalized to 100% excluding LOI, and are plotted on the total alkali-silica diagram of Le Bas et al. (1986) in Figure 4A . Of the four least-altered mafic volcanic samples, two plot in the field of basalt, and two as basaltic andesite. Compositions of the volcaniclastic rocks are highly variable, scattering from trachybasalt, basaltic andesite, trachyandesite, trachydacite, dacite, to (REE) patterns for volcanic and volcaniclastic rocks of Poplar Mountain overlap partly with the Ordovician Meductic Group, and partly with the Devonian Dorrington Hill Formation and Dow porphyry. They are all characterized by light rare earth element (LREE) enrichment and by minor Eu depletion for the felsic components. The REE patterns of the Poplar Mountain samples lie between those of the Ordovician and Devonian samples.
Using trace element granitic composition discrimination diagrams of Pearce et al. (1984) , the porphyritic felsic volcanic rocks and volcaniclastic rocks of Poplar Mountain fall in the same fields (volcanic arc granite) as the Meductic Group and Dow porphyry (Fig. 6) . On the Nb-Y diagram, they all fall in the syn-collisional and volcanic arc granites field (Fig. 6A) , and on the Ta-Yb diagram, they fall in the field of volcanic arc granites (Fig. 6B) . The Dow porphyry is close to the within-plate granites boundary, the Meductic samples spread away from the boundary, and the Poplar Mountain samples overlap the Meductic samples and cluster toward the boundary (Fig. 6 ).
Geochronology
One sample (GC01-40; GSC Lab number = Z7083) of the porphyritic felsic volcanic rock from Poplar Mountain was collected for U-Pb isotopic dating. Very few zircons were recovered and these exhibited a range of morphologies consistent with an inherited origin. The zircons were analyzed on the GSC SHRIMP II ion probe. Among the analyzed 18 zircons, 16 have late Ordovician ages that cluster around a mean value of 459 Ma (Fig. 7) . Although these analyses define one statistical population, the diversity of grain types found in the sample, and range of compositions suggest that these grains are most likely inherited. Two grains (#43 and #53), which contained inclusions of alkali feldspar and quartz and appeared different from the dominant zircon types in the rock, yielded significantly younger ages of ca. 390 Ma (Table 2) .
Mineralization and Alteration
The Poplar Mountain gold occurrence contains several zones of gold mineralization (Fig. 2) . Channel samples have yielded up to 1.2 g/t Au over 28 m at surface, whereas drill intersections yield up to 2.5 g/t Au over 13.4 m (Freewest Resources Canada Inc., unpub. report, 1999). Gold mineralization known so far is mainly hosted in the porphyritic felsic volcanic rock, and to a lesser extent in the mafic volcanic rocks, which have returned values of up to 1.1 g/t Au over 6.6 m. The mineralization in the mafic rocks is located mainly along the contact zones with intercalated volcano-sedimentary rocks. The distribution of the mineralized zones (Fig. 2) is based on assay data and inferences from ground magnetic data (Freewest Resources Canada Inc., unpub. report, 1999) . In vertical extent, it appears that the easternmost mineralized zone narrows with depth (Fig. 2) .
Mineralization Styles
The gold-mineralization zones outlined by assay data are invariably characterized by enrichment of arsenopyrite. Gold is inferred to be contained in arsenopyrite as ionic substitution or submicron-sized grains because no visible gold was found in hand samples or thin sections. Arsenopyrite is disseminated in the host rocks (Fig. 8A,B) , in quartz-carbonate-sericite veins or stockworks (Fig. 8A,C) , and in both the fragments and matrix of breccias ( 8D). Minor amounts of sphalerite and stibnite occur in some quartz-carbonate veins. Globules of pyrobitumen are locally conspicuous in the quartz-carbonate-sericite veins in some gold-mineralized zones. Arsenopyrite is typically acicular and disseminated (Fig. 8B,C) , being volumetrically minor in veins. The mineralized zones are generally characterized by brittle structures, but in the lower parts of some drill cores (GR99-10), arsenopyrite appears to be distributed along foliations outlined by carbonate and sericite (Fig. 8E,F) . The quartz-carbonate-sericite veins are generally millimeters to centimeters wide, and a few are tens of centimeters wide. There is no clear geologic or structural boundary between mineralized and non-mineralized zones, although the mineralized zones are characterized by a higher concentration of quartz-carbonate-sericite veining than the barren zones.
Element Associations
The samples analyzed contain <5 ppb to >5000 ppb Au (Table 1 ). Au correlates positively with As with a Pearson correlation coefficient of 0.96 (Fig. 9A) , as has been noted previously (e.g., Watters, 1998) . A weak positive correlation seems to exist between Au and S (r = 0.55; Fig. 9B) , and Au and Sb (r = 0.53; Fig. 9D ). Au is not correlative to other elements, including C, Sn, and Zn (Fig. 9C,E,F) , and W, Bi, Mo, Cu, and Pb (Table 1) . Ag and Hg are generally lower than 5 ppm and 2 ppm, respectively, regardless of Au contents.
Alteration Types and Paragenesis
Two types of alteration can be distinguished based on mineral assemblages and crosscutting relationships. The first type consists of chlorite, calcite, and quartz, with minor illite and pyrite, whereas the second type consists of sericite, ankerite, and quartz, with minor illite and pyrite. Petrographic evidence ( Fig. 10; e.g., sericite replacing calcite and chlorite, and ankerite veinlets cutting calcite) invariably indicates that the chlorite-calcite-quartz alteration predates the sericite-ankerite-quartz alteration. Arsenopyrite is always associated with sericite, ankerite, and quartz (Fig. 8C,F) , and never with calcite and chlorite. The chlorite-calcite-quartz alteration is best preserved in non-mineralized areas, whereas it is largely replaced by sericite-ankerite-quartz alteration in mineralized zones (Fig. 2) , further supporting that the sericite-ankerite-quartz alteration is related to gold mineralization, whereas the chlorite-calcite-quartz alteration predates mineralization.
Age of Mineralization
The spatial relationship between arsenopyrite and sericite-ankerite-quartz alteration as discussed above implies that they are coeval. Therefore, the age of mineralization can be determined if the radiometric age of sericite can be ascertained. Sericite occurs as disseminations in the host rocks or as very thin coatings on vein walls (Fig. 8C) . However, massive sericite occurs in a vein where it replaces calcite in sample GC01-74 (from drill hole GR99-10, at a downhole depth of 26.5 m; Fig. 10D,E) . The sericite separated from this sample for 40 Ar/ 39 Ar analysis forms composite grains consisting of finer individual crystals. Argon isotopic data are listed in Table 3 , and presented as a spectrum of gas release (Fig. 11) . The data define a plateau age of 411 ± 3.7 Ma, with minor disturbance observed only in the lower temperature increments.
Geochemistry of Alteration
Alteration has brought about significant chemical changes to the host rocks. These changes are difficult to evaluate quantitatively because of the lack of unaltered samples and the lithological variability of the host rocks. Nevertheless, a comparison of the least-altered and altered felsic volcanic rocks reveals certain systematic changes (Fig. 12) . Specifically, SiO 2 is lower in altered than least-altered rocks (Figs. 4, 12) , whereas Al 2 O 3 does not show a systematic change (Fig. 12) . Altered rocks are generally higher in S, C, W, Sb, As, and Au than least-altered rocks (Fig. 12) .
A set of three samples of altered basalt, showing different degrees of sericite-ankerite-quartz alteration over a short distance (15 cm), are particularly useful for evaluating the chemical changes during the sericite-ankerite-quartz alteration. From least to most altered, these samples are GC01-127-3, GC01-127-2, and GC01-127-1 (see Table 1 for details). With increasing degree of sericite-ankerite alteration accompanied by decreasing chlorite, the color changes from light to medium green, through light green to buff, to buff. Potential immobile components TiO 2 , Zr, and Al 2 O 3 form a well-defined isocon ( Fig. 13A ; method of Grant, 1986) , and Al 2 O 3 was used as an immobile component in mass balance calculation using the equations of Gresens (1967) . The net changes of components or elements that show systematic changes from least-altered to most altered are presented in Figure 13B , where the net changes refer to the change relative to the least-altered sample in percentage (see Lentz and Gregoire, 1995) . Fe 2 O 3 , MnO and MgO are close to the isocon and show slight depletion (lost from the system), Na 2 O and to a lesser extent SiO 2 are more depleted, and CaO, K 2 O, S, C, Ba, Sr, Rb, Cs, Pb, As, and Sb are significantly enriched (added to the system; Fig. 13 ). 
Structure
Overall, the host rocks of the gold mineralization are characterized by brittle deformation, including fracturing and brecciation. Foliation defined by preferential orientation of sericite is observed in the deeper part of a few drill cores, and closely spaced (centimeter-scale) parallel fractures with thin quartz ± carbonate ± sericite vein fillings are widespread. Their orientations are fairly consistent at outcrop scale, but highly variable at prospect scale . As mentioned above, there are no clear geologic or structural boundaries between ore and non-ore zones. The orientation of the mineralized zones presented in Fig. 2 is mainly based on a ground magnetic map (Freewest Resources Canada Inc., unpub. report, 1999). Several NW-and E-W-trending faults, with associated gold C. An arsenopyrite crystal growing on the wall of a quartz-sericite vein (sample 97SW46; cross-polarized light). D. Brecciated felsic volcanic rock with arsenopyrite distributed in the matrix and the fragments (sample GC01-69; scanned thin section). E. Arsenopyrite distributed along foliation in felsic volcanic rock (sample GC-01-62; scanned thin section). F. Association of arsenopyrite with carbonate and sericite (sample GC-01-62; cross-polarized light). Abbreviations: asp = arsenopyrite; cab = carbonate; qtz = quartz; ser = sericite. mineralization in veins and breccias, occur in the largest mineralized zone (Fig. 2) . Subsidiary fractures associated with these faults and slickensides/fibers on the fault planes commonly indicate sinistral strike-slip movements along the NW-and NNW-trending faults and dextral strike-slip movements along the E-W-striking faults (Watters, 1998) . The orientation of these faults and the movement senses indicate that they are conjugate and related to NW-SE oriented shortening .
Fluid Inclusions

Fluid Inclusion Types, Petrography, and Microthermometry
Fluid inclusions from pre-Au mineralization calcite and quartz and syn-Au mineralization quartz and ankerite can be divided into three types: type 1 aqueous inclusions homogenizing into the liquid phase with no carbonic components detectable by microthermometry; type 2 aqueouscarbonic inclusions homogenizing into the aqueous liquid phase; and type 3 carbonic-aqueous inclusions homogenizing into the carbonic vapor phase. Type 2 inclusions can be further divided into subtype 2a inclusions having a carbonic concentration high enough to allow the melting and homogenization temperatures of the carbonic phases to be measured, and subtype 2b inclusions whose carbonic con- (Renne et al., 1994) . All uncertainties quoted at 2σ level.
centration is so low that its presence is only demonstrated by the melting of clathrates. For the type 3 inclusions, the aqueous phase is not visible in many cases. A schematic representation of the fluid inclusion types, along with some examples, are presented in Figure 14 . In all the samples examined, no definite relationship between fluid inclusion entrapment and crystal growth can be established, and so no fluid inclusions can be assigned to the primary category with certainty. It is possible that fluid inclusions occurring in clusters (Fig. 14B,D) , in isolation (Fig. 14C) , along short trails within crystals (Fig.  14E) , or in random distribution might represent primary or pseudosecondary fluid inclusions, but a secondary origin for some of them cannot be ruled out. Only type 1 fluid inclusions occur in pre-mineralization calcite and quartz, whereas types 1, 2a, 2b, and 3 occur in the mineralizationstage quartz and ankerite.
In most cases, the liquid:vapor ratios of fluid inclusions within individual fluid inclusion assemblages (clusters, short trails) are consistent (Fig. 14B,D,E) , suggesting homogeneous trapping. In some cases, however, the liquid: vapor ratios of fluid inclusions within a given fluid inclusion assemblage are highly variable (Fig. 14F) , suggesting necking or heterogeneous trapping. In such cases, microthermometric measurements were not made.
The microthermometric results are listed in Table 4 for individual fluid inclusion assemblages or isolated fluid inclusions. The results are discussed separately below in terms of premineralization-and mineralization-stage minerals.
Fluid Inclusions in Premineralization Calcite and Quartz
As discussed above, only type 1 fluid inclusions (aqueous fluid inclusions homogenizing into the liquid phase) occur in the premineralization calcite and quartz. The final melting temperatures of ice range from -0.1° to -4.5°C (Table 4 and Fig. 15A ), corresponding to salinities of 0.2 to 7.2 wt.% NaCl equivalent based on the equation of Bodnar (1993) . The homogenization temperatures range from 116° to 159°C (Fig. 15B) .
Fluid Inclusions in Mineralization-Stage Quartz and Ankerite
All three types of fluid inclusions described above occur in the Au-related quartz and ankerite, although type 2 fluid inclusions are dominant.
The melting temperatures of CO 2 (Tm CO2 ) were measured for type 3 and type 2a fluid inclusions. They range from -56.8° to -57.5°C and from -56.6° to -57.3°C, respectively (Table 4 ; Fig. 16A ). These melting temperatures suggest that the carbonic phase contains variable amounts of other gases in addition to CO 2 . Tm CO 2 values of type 3 fluid inclusions largely overlap with type 2 fluid inclusions (Fig. 16A ), suggesting that they have similar composition.
The melting temperatures of ice (Tm H 2 O ) of type 1 fluid inclusions range from -1.8° to -5.2°C, corresponding to salinities of 3.1 to 8.1 wt.% NaCl equivalent as calculated with the equation of Bodnar (1993;  Table 4 ). The melting temperatures of clathrates were measured for type 2a and type 2b fluid inclusions. They range from +4.6° to +10.8°C and from +5.6° to +10.8°C, respectively, but mainly from +7.6° to +8.8°C (Fig. 16B) . These clathrate melting temperatures for type 2a inclusions correspond to salinities of 2.3 to 10.6 wt.% NaCl equivalent, with most falling between 2.3 and 5.6 wt.% NaCl equivalent (calculated using the program "Clathrates" by Bakker, 1997) . The salinities of type 2b inclusions were not calculated because neither Tm H2O nor Tm clathrate can be used: Tm H2O would yield salinity values higher than the real salinities because some water was taken by the clathrate, and Tm clathrate must be E. Sericite replacing red-stained calcite (sample GC01-74; plane-polarized light). F. Ankerite (stained blue) cutting calcite (stained red; sample 01SW38; plane-polarized light). Abbreviations: ank = ankerite; cal = calcite; chl = chlorite; ill = illite; qtz = quartz; ser = sericite. coupled with ThCO 2 (unavailable for type 2b inclusions) to calculate salinities.
The homogenization temperatures of the carbonic phases were measured for type 2a and type 3 fluid inclusions, and with the exception of a few type 2a fluid inclusions, which homogenized into the carbonic vapor phase (Fig. 16C) , most homogenized into the carbonic liquid phase: 25.1° to 30.2°C for type 2a, and 15.9° to 28.1°C for type 3 inclu- 
Pressure Estimation
Because fluid inclusions in the chlorite-calcite alteration stage are aqueous inclusions that homogenize into the liquid phase (Th = 116° to 159°C), the trapping temperature and pressure cannot be independently determined. In the sericite-ankerite alteration assemblage, the occurrence of types 1, 2a, 2b, and 3 fluid inclusions is interpreted to reflect the involvement of two fluids (one represented by type 1 and the other by type 3 inclusions) from different sources, which mixed at the site of mineralization in variable proportions to form type 2 inclusions. Some of the type 2 inclusions might have been saturated with carbonic components at entrapment and so their homogenization temperatures represent the trapping temperatures. The homogenization temperatures of the majority of type 2 inclusions, mainly between 220° and 270°C (Fig. 16D) , are likely close to the fluid temperatures at the mineralization stage. Fluid pressures are estimated based on the isochores of the type 3 fluid inclusions, which are approximated by the system CO 2 -N 2 -CH 4 , because the proportion of the aqueous phase is too small to be measured. For a sample that has laser Raman data, the composition is approximated by the average CO 2 -N 2 -CH 4 values of type 3 fluid inclusions of that sample. For the other samples, the average values of the whole sample set (Table 2 ) are used. The isochores (Fig. 18) were constructed using the equation of state of Holloway (1981) . Using the 220° to 270°C range as the temperature of mineralization, the fluid pressions (Fig. 16C) .
The temperatures of final homogenization of types 1, 2a, and 2b fluid inclusions, all of which homogenize into the liquid phase, range from 113° to 273°C, 221° to 268°C, and 175° to 279°C, respectively. A major overlap among the three types occurs between 220° and 270°C (Fig. 16D) . The homogenization temperatures of type 3 fluid inclusions cannot be measured because the aqueous phase is invisible in most cases.
Raman Microspectroscopic Results
The volatile composition of the vapor phase of fluid inclusions has been analyzed by laser Raman spectroscopy. Fluid inclusions from premineralization quartz (type 1) and a few from mineralization-stage quartz contain no volatiles other than H 2 O. Most fluid inclusions from the mineralization-stage quartz, both types 2 and 3, show a volatile composition dominated by CO 2 , accompanied by significant amounts of N 2 and trace amounts of CH 4 (Table 5 and Fig. 17) . These results confirm the microthermometric data, which suggest that CO 2 is the dominant volatile species.
The results for individual samples are fairly consistent (Table 5 and Fig.  17) . Type 2 and type 3 fluid inclusions have similar volatile compositions. The average proportions of N 2 -CH 4 -CO 2 of type 2 and type 3 fluid inclusions are 4.07-0.30-95.63%, and 4.01-0.31-95.68% for .21%, and 9.23-1.14-89.63% for GC01-69 (Table 5) .
sures are estimated to range from 770 to 1240 bars. Assuming a lithostatic load with a rock density of 2.7 g/cm 3 , the depth of mineralization is estimated at 2.9 to 4.6 km. This range of depth is comparable to that of most intrusion-related gold deposits (Lang et al., 2000) , and partly overlaps the upper part of greenstone gold deposits (Poulsen et al., 2000) .
Carbonate Stable Isotopes
As described above, calcite is associated with chlorite ( Fig. 19B) , indicating meteoric water input. However, it should be noted that the oxygen and carbon isotopes of the fluids associated with ankerite also fall in the broad range for metamorphic fluids (Fig. 19B ).
Discussion and Conclusions
The age of the PMVC has been one of the most important problems hindering the understanding of the geologic setting and environment of gold mineralization in this area. Fig. 13. A. An isocon graph illustrating the gain and loss of different elements in a pair of leastaltered and most-altered basalts. The isocon is based on aluminum immobility. Units are wt.% for major elements and ppm for trace elements. B. Net changes of components and elements relative to the least-altered sample (in weight percent) for a set of three samples showing progressively increasing degree of alteration (samples GC01-127-3, -2, -1). Negative and positive values indicate net loss and net gain, respectively. alteration that predates gold mineralization, whereas ankerite is associated with sericite alteration that is synchronous with Au mineralization. The carbon and oxygen isotope compositions were determined for calcite and ankerite. For carbonates disseminated in host rocks, a subset of the powder for major and trace element analyses was treated with different acids such that CO 2 was extracted from calcite and ankerite separately. For carbonates in the veins, separate calcite and ankerite were sampled with a microdrill. In one vein sample (01SW38), calcite and ankerite could not be completely separated with microdrilling, and chemical separation was used as for the disseminated samples.
The results of C and O isotopic analysis are listed in Table 6 and graphically presented in Fig. 19A . The δ 18 O SMOW and δ 13 C PDB values of premineralization calcite range from +12.7‰ to +17.6‰, and -4.1‰ to -8.0‰, respectively. The δ 18 O SMOW and δ 13 C PDB values of mineralization-related ankerite range from +14.5‰ to +16.5‰, and -6.8‰ to -8.3‰, respectively. Calcite and ankerite show similar C and O isotopes, but ankerite has a narrower range than calcite (Fig. 19A) . Using a temperature of 140ºC for calcite and 250ºC for ankerite, the δ 18 O SMOW values of the fluids in equilibrium with calcite and ankerite are calculated to be -2.1‰ to 3.3‰, and 6.4‰ to 8.3‰, respectively (calculated using the equations of Zheng, 1999; Table 6 ). The C isotopic compositions of the fluids are approximated by those of the minerals because the degree of fractionation is small. The δ 18 O and δ 13 C values of the fluids are plotted in Fig. 19B . All the fluids in equilibrium with ankerite plot in the field of magmatic water (Sheppard, 1986; , whereas all the fluids in equilibrium with calcite plot to the left of the magmatic field 01SW-38 ). E. Short trail of carbonic-aqueous (type 3) fluid inclusions in mineralization-stage quartz; the aqueous phase is not visible; some type 2a and 2b inclusions also occur in the same crystal (sample 76608). The different types of inclusions were not entrapped at the same time: type 3 here might be secondary or pseudosecondary, and type 2 might be primary. F. Cluster of type 2 and 3 inclusions; the variation of liquid:vapor ratios might have resulted from necking (sample GC01-123).
Its proximity to the Ordovician Meductic Group and the Early Devonian Tobique Group volcanic rocks (Fig. 1) has made it tempting to assign the PMVC to one or other of these groups. In the regional tectonic framework, the Me- ductic Group volcanic rocks were formed on the continental margin in relation to the SE-directed subduction of the Iapetus Ocean in the Early Ordovician (Fyffe, 2001) , whereas the Devonian rocks were formed after the Late Ordovician to Late Silurian closure of the Iapetus Ocean (van Staal, 1994) . The majority of zircon recovered from the PMVC porphyritic felsic volcanic rock have ages of ca. 460 Ma. However, the diversity of the zircon population is interpreted to be due to inheritance, and thus only a maximum age of 460 Ma is established for the intrusion. These data indicate that the PMVC is younger than the Meductic Group, which must be older than 479 ± 7 Ma (the age of the Benton granodiorite that intrudes the Meductic Group; Whalen et al., 1998) . A minimum age for the PMVC is provided by the 411 ± 3.7 Ma Ar-Ar age of the sericite that cuts the PMVC rock. Two zircon grains with ca. 390 Ma U-Pb ages are younger than the Ar-Ar age determined for crosscutting sericite. Interpretation of these two zircon Th CO2 = homogenization temperature of CO 2 ; Th = total homogenization temperature; V/T = vapor/total inclusion volume ratio; -= not analyzed.
Salinity in wt.% NaCl equivalent. Type 1 is approximated by H 2 O-NaCl system, and type 2 by H 2 O-CO 2 -N 2 -NaCl system using the equations of Soave (1972) in the program "Clathrates" by Bakker (1997). ages is difficult because they represent a small proportion of the zircon recovered. Although every effort has been made to avoid contamination during sample collection and preparation, this is considered the best explanation for the two young grains. The best age estimate for the PMVC is therefore interpreted to be between 411 ± 3.7 Ma and 459 ± 3 Ma. The PMVC might have been formed during the Middle to Late Ordovician back-arc volcanism, or during the closure of the Iapetus Ocean from the Late Ordovician to Late Silurian (van Staal, 1994) Considering the regional and local geological settings, three hypotheses for the genesis of gold mineralization at Poplar Mountain are possible: (1) the mineralization was genetically related to the PMVC; (2) it was associated with hydrothermal fluids ascending from depth and focused along the Woodstock fault; or (3) it was related to fluids emanating from unexposed Devonian granitic intrusions.
The first hypothesis implies a relatively shallow depth of mineralization, and that the formation of the host rocks and mineralization was coeval. This hypothesis is superficially supported by the style of deformation (dominantly brittle) and the widespread chlorite-calcite-quartz alteration, which might be compared to propylitization in epithermal-type deposits, or the outer zones of porphyry-type systems. The fluid inclusion data document two hydrothermal events in the PMVC. The first is related to the chlorite-calcite-quartz alteration, and the second is related to sericite-ankerite-quartz alteration (plus gold mineralization). Fluids of the first hydrothermal event (salinities of 0.2-7.1 wt.% NaCl equivalent; homogenization temperatures of 116° to 159°C) are broadly compatible with an epithermal system (Cooke and Simmons, 2000) , but this hydrothermal event is not related to gold mineralization based on petrographic and paragenetic studies. As discussed above, the mineralization might have been younger than the host rocks, but the possibility that it is broadly coeval with the host rocks cannot be ruled out. However, fluid inclusion data indicate that during mineralization, fluid pressures were fairly high and corresponded to lithostatic depths of 2.9 to 4.6 km, whereas the host rocks were formed on the surface (volcaniclastic rocks and basalt) or near surface (porphyritic felsic volcanic rock). Therefore, if the mineralization is genetically related to the PMVC, it must have taken place after the host rocks had been buried to significant depth by continual volcanic activity, with ore-forming fluids being provided or driven by co-genetic, relatively deep-seated intrusions.
The second and third hypotheses are not mutually exclusive, except that the third hypothesis specifies that the oreforming fluids were derived from granitic intrusions. The type of alteration associated with mineralization (ankerite-sericite) and the composition of the ore-forming fluids (CO 2 -rich) are common in mesothermal or orogenic-type gold deposits (Ridley and Diamond, 2000; Groves et al., 2003) . Mesothermal gold deposits are generally spatially controlled by structures, and their ore-forming fluids have variously been attributed to magmatic, metamorphic, or meteoric origin, as discussed in Kerrich (1989) . Although there is no consensus on the source of most mesothermal gold deposits (in particular magmatic versus metamorphic origin; e.g., Groves et al., 2003) , some are apparently related to granitic intrusions (Thompson and Newberry, 2000; Lang and Baker, 2001; Baker, 2002; Groves et al., 2003) . A magmatic origin (Fig. 20) is favored for the ore-forming fluids of Poplar Mountain based on the following five observations. First, the Poplar Mountain gold occurrence is only 8 km from the surface exposure of the northwestern edge of the Pokiok batholith, and gold mineralization of Fig. 19 . A. Carbon and oxygen isotopes of calcite and ankerite. B. Carbon isotopes of calcite and ankerite and oxygen isotopes of the fluids in equilibrium with calcite and ankerite ( Table 2 ). The range for magmatic fluids is from Sheppard (1986) and . The range of oxygen isotopes of metamorphic fluids is from Sheppard (1986) , and the range of carbon isotopes of carbonates in metamorphic rocks are from .
the same age has been documented associated with an unexposed intrusion near the southeastern edge of the batholith (Lake George; Yang et al., 2002) . Second, the age of mineralization (411 ± 3.7 Ma, based on 40 Ar/ 39 Ar dating of sericite) is broadly contemporaneous with the Pokiok batholith (402-415 Ma), and is similar to the age of gold mineralization at Lake George (ca. 410 Ma, 40 Ar/ 39 Ar method). Third, magnetic data suggest that the PMVC is underlain by a granitic intrusion (Freewest Resources Canada Inc., unpub. report, 1999) . Fourth, mineralization-associated alteration is accompanied by enrichment of K, Rb, Cs, Ca, Sr, Ba, As, Sb, W, C, and S, many of which are granophile elements, although these elements are also characteristic of mesothermal gold deposits without obvious magmatic association (Kerrich, 1989) . Finally, the carbon and oxygen isotopic signatures of the fluids associated with sericiteankerite-quartz alteration and mineralization fall well within the magmatic range, although they are also in the range of metamorphic fluids. It should be pointed out that none of the above observations alone is a sufficient indicator of a magmatic origin. Thus, the possibility of the oreforming fluids being of metamorphic origin, focused along the Woodstock fault, cannot be ruled out. Our inclination toward a magmatic origin is partly based on consideration of the regional geologic setting, i.e., a region characterized by extensive granitic intrusions with related W-Sn-Mo-Sb mineralization.
The fluid inclusion study indicates that two immiscible fluids (an aqueous liquid and a carbonic vapor) were involved in the mineralization at Poplar Mountain. Using the phase relationships of the NaCl-H 2 O-CO 2 system (Duan et al., 1995) as an approximation for the Poplar Mountain mineralizing fluids, it can be shown that the two immiscible fluids could not have resulted from in situ unmixing at the temperature conditions (<280°C). In other words, if the two immiscible fluids originated from unmixing of an originally homogeneous fluid, then the unmixing process is likely to have taken place at a greater depth, before the fluids ascended to the site of mineralization. This is even more likely if CH 4 and N 2 are taken into account. The two immiscible fluids might both have been derived from this deep-seated unmixing, or one of them (more likely the carbonic-enriched vapor phase) was derived from such unmixing, and the other (aqueous liquid) was from a separate source (e.g., from the country rocks). The lack of base metal enrichment at the Poplar Mountain gold occurrence is likely due to the low salinity of the ore-forming fluids. It has been shown that gold hydrosulfide complexes such as AuHS(H 2 S) 3 0 play a fundamental role in the formation of the majority of hydrothermal gold deposits (Seward, 1991; Fig. 20 . A schematic genetic model of the Poplar Mountain gold occurrence. Gold mineralization is related to a hidden granitic intrusion, from which an Au-, As-, and carbonic-enriched fluid was derived from phase separation. This magmatic fluid ascended along the Woodstock fault, mixed with a lowsalinity, low-temperature fluid, and precipitate arsenopyrite and gold at Poplar Mountain. Loucks and Mavrogenes, 1999) . It has also been shown that Au, Cu, As, and B have the tendency of being selectively partitioned into the vapor phase, together with H 2 S, in a boiling magmatic fluid system, whereas most base metals are enriched in the liquid brine (Heinrich et al., 1999) . CO 2 -dominated auriferous or copper-rich fluids have been proposed in orogenic-type gold deposits (Schmidt Mumm et al., 1997; Chi et al., 2006 ) and a skarn-porphyry deposit (Lai and Chi, in review) . In the case of Poplar Mountain, we might envisage that the carbonic-enriched vapor phase was derived from unmixing of a magmatic fluid at depth and carried Au and As, which were deposited when a cooler, low-salinity aqueous fluid was met at the site of mineralization (Fig. 20) . In addition to temperature drop, the leaching of Fe during alteration (Fig. 13) might have contributed to mineralization by supplying part of the iron for arsenopyrite precipitation.
In conclusion, although the Poplar Mountain gold occurrence is hosted in volcanic and subvolcanic rocks, and some alteration and veining features similar to epithermal systems are preserved, the gold mineralization is similar to mesothermal or orogenic-type gold deposits in terms of alteration (ankerite-sericite) and composition of ore-forming fluids (CO 2 -enriched). Petrographic evidence indicates that the mesothermal-style mineralization was superimposed on the epithermal system at a later time. Although geochemical data cannot rule out a metamorphic origin for the ore-forming fluids, it is proposed that they were derived from deep-seated granitic intrusions and focused along the regional-scale Woodstock fault, and that the gold mineralization system at Poplar Mountain is part of a granitic intrusion-related gold system (Fig. 20) .
